Material properties of Zr 2.5 wt% Nb pressure tube change during reactor operation due to the surrounding environmental conditions. Measurement of mechanical properties of the pressure tubes is important for assessing their fitness for service. As it is required to remove a pressure tube from service to prepare specimens for doing the property measurement in laboratory, any insitu technique has great significance. Considering this, an In-situ Property Measurement System (IProMS) based on cyclic ball indentation technique has been designed and developed in house. For qualification of IProMS a number of experimental trials have been carried out. One of the most important tests was to carry out IProMS trials inside spool pieces of Zr 2.5 wt% Nb pressure tube with different mechanical properties. This paper highlights the basic theory of measurement, qualification tests carried out using IProMS inside pressure tube spool pieces with different mechanical properties and the results obtained.
Introduction
Material properties of Zr 2.5 wt% Nb pressure tube undergo gradual change during service due to operation under severe environmental conditions. Periodic estimation of mechanical properties of the pressure tube is important for assessment of its fitness for continued operation. As the removal of the pressure tube from the core and preparation of specimens for measurement of the properties in laboratories involves considerable time and radiation exposure, in-situ measurement of the properties is preferred. Considering this requirement, an In-situ Property Measurement System (IProMS) based on cyclic ball indentation technique has been designed and developed in house. In order to qualify IProMS, extensive experimental trials have been carried out on several materials with known mechanical properties [1, 2, 5] . Further qualification of the system requires measurement trials inside Zr 2.5 wt% Nb pressure tube spool pieces having distinct mechanical properties. To meet this objective, pressure tube spool pieces with different mechanical properties have been prepared by heating the spool pieces to different temperatures and time duration in a vacuum furnace followed by furnace cooling. Tensile specimens prepared from these spool pieces were tested subsequently using conventional method. Tests using IProMS have been carried out inside the spool pieces for its qualification.
Ball Indentation Technique
Cyclic ball indentation involves multiple indentation cycles (at the same penetration location) on a metallic surface by a spherical indenter. Each cycle consists of indentation, partial unload and reload sequences. The load applied and the corresponding deformation produced is recorded during the test. Post-processing of the data recorded gives an estimate of the yield strength, ultimate tensile strength (UTS), strain hardening exponent and Brinell hardness of the material. The parameters involved in ball indentation technique are illustrated in Fig. 1 . Figure 1 . Illustration of parameters of ball indentation geometry
Estimation of Mechanical Properties
The methodology used for estimation of mechanical properties from ball indentation test is described in ref. [3, 4, 5] . From the data recorded during the test, values of peak load, total depth of indentation and plastic depth of indentation, corresponding to each unload cycle are used to estimate the mechanical properties.
Description of IProMS
IProMS, which is remotely operable, consists of a tool head (Fig. 2) , Data acquisition system, Display system and Control system. Indentation is carried out using a 1.5 mm diameter tungsten carbide ball and load is applied using a pressurising device. Depth of indentation is measured using a Linear Variable Differential Transducer (LVDT) of 0-2 mm range and pressure is monitored using a pressure switch. Load and depth of indentation (deformation) data during the experiment is recorded in a computer and analysed later to estimate the mechanical properties.
Development of Pressure Tube Spool Pieces with Different Properties
Qualification of IProMS for reactor application requires conducting trials inside pressure tube having different mechanical properties. To meet this objective, pressure tube spool pieces with different mechanical properties have been prepared using heat treatment procedure. Pressure tubes in as-received condition have an adherent autoclave layer on the surface. The autoclave layer has been removed from the surface of the spool pieces by polishing prior to heat treatment. Five different sets of pressure tube spool pieces with different mechanical properties have been developed by heating them to different temperature and time period in a vacuum furnace as given in Table 1 , followed by furnace cooling. 
Preparation of Tensile Specimens for Conventional Tests
Longitudinal tensile specimens from the heat treated pressure tube spool pieces have been prepared by wire EDM method to avoid the formation of residual stress. The overall length, gage length and width at gage section of the conventional specimens tested were 97 mm, 25 mm and 6 mm respectively. Four conventional tensile tests have been conducted for each set of material as shown in Fig. 3 . A plot of load vs. extension up to failure in conventional tests of heat treated Zr 2.5 wt% Nb materials is shown in Fig. 4 . Estimated values of representative fracture toughness are given in Table 2 . In order to estimate h f , value of representative fracture stress is assumed to be 800 MPa. Since value of fracture stress of Zr 2.5 wt% Nb material is not available in the literature a representative value of 800 MPa which is close to ultimate tensile strength of as received material has been used for the estimation of representative fracture toughness. It may be noted that the objective of IProMS is not to measure the absolute value of fracture toughness but to screen a batch of pressure tubes having different mechanical properties. As the specimens are unirradiated and have low concentration of hydrogen, contribution of W o to the total fracture toughness is negligible (less than 3%) and hence is neglected. Moreover neglecting W o will not affect the discrimination of the pressure tubes with different mechanical properties which is ultimate aim of IProMS. It can be observed from Table 2 that, as the specimen is heated at a higher temperature, there is improvement in the representative fracture toughness, which is expected. In the absence of exact value of fracture stress and a more established and validated procedure, the estimated values of representative fracture toughness shall be only used as a parameter for ranking the test material.
Qualification Trials with IProMS, Results and Observation

Conclusion
A number of qualification trials have been carried out using in-house developed IProMS inside spool pieces of Zr 2.5 wt% Nb pressure tube having different mechanical properties. Tests carried out using IProMS are highly repeatable and the maximum difference between the mechanical properties estimated using IProMS and conventional tensile tests is about 10%. Considering the absence of any such in situ method for estimation of mechanical properties of a tubular component, the observed variation is reasonable. It may be concluded that the system is capable of capturing the variation in mechanical properties of pressure tube due to service induced conditions.
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